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(54)TUIe: LIGHT EMITTING DEVICE AND DISPLAY DEVICE 



(57) Abstract 



A light emitting device provided with a light emitting element having a 
semiconductor light emitting layer and a photoluminescence fluorophor which 
absorbs part of the light emitted from the light emitting element and emits light having 
a wavelength which is different from that of the absorbed light Tlie light emitting 
layer of the light emitting element is composed of a nitride compound semiconductor 
and the photoluminescence fluorophor contains a garnet-based fluorophor activated 
with cerium containing at least one clement selected from among the elements of Y, 
Lu, Sc, La, Gd, and Sm and al least one clement selected from among the elements of 
Al, Ga and In. As a result, a white light emitting diode having high luminance and a 
light emitting characteristic which is not deteriorated even when the diode is used for 
a long period of time is obtained. 
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li. i&miyxw.^ttLfzm(Dn^y-f:t'- h'izmti^mif^Lxi^ti<x^ 

^^^^1 0 2<i:^0> h • U- Kl 0 507f7-yygPl 0 5 a <i:0^« 

^ity^ii-- Y(o±mm%^^H±.^'^^fz}6\z^%m=}-i}<w.m.^n^-^ 
^yy ' ^) - Yo^ y^^(o^m^m^^t\^. ^m\zw.MWL^^mfz^ 

TfeSl^o CCDii^Og®ffl${i> 0. lSiil±0. 8 SJeiT*-<jtf^ L/l^o 
Ical/Cs) (cm^) CC/ c m) lii±*<»^ U < . .k t < 
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liO. 5cal/(s) (cm^) (t:/ cm) lil±-Cfe^c -tit>©^ 
. ij- Kl 0 6) 

^ . .J - Kl 0 vt?:/ h • U - Kl 0 5±lwEl$ti/:^ 

IJ- KO^mtt^-f-^-iOg^ii^^S^^t^li. S;«tt^%firLTl. 6 
S Ki± 1 O S K^TJrS^-^S C <i:*<if * bc^o 

^tLXiU zoo uQ' cmgtTT'*>^C«!:*W*b<. L/< 
(□-x^ y^'^10 1) 
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i^-ji^vm^i 0 4) 

JVm^l 0 4 fix ^n-E-'nP'S5TO^tStS[»^L/c«fxi(CUTfeJ:l^c 
^r-;UKg|5'f;f 1 0 4©Pri*:6^*t*4<i:UTIi. i<i: UTX7^:4^ •>^fli, 3.U 
y^^m/x <i: ©iStlittiC'gtL/c^B^^lig^iN^ni: tt^BM 



29 



wo 98/05078 



PCT/JP97/01610 



30 



wo 98/05078 



PCT/JP97/02610 



m^m=f-lZ\im^m&i}<itni^M:l'^^W=^mi^^:itV^yt^'i:t- K 

e,.rSm,) 3 (Ali-.Ga.) sOm : C e T'^$n^-t U '^7 AT'{tS$ 
n^m^{*^fflt^'5C<i:t>-e#^o 0<r^l> O^s^l. Re 
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f^m^BtbX (Ee) =3W- cm-2Jii±10W- cm-^JiiT© 
^!£?g^2Cffll>«^>nS-fe'J '5 AT-ftyg^n/i-f V h U -^7 A • Tv'l'i- 
•r<ko{wliiex^^ h;l/0f-:J'?r4 5 0 n mf^iaJwIS^X'^. A^-^^^fe 
^•C$. U^^fe^TtT.^i' h;u^7 0 0 nm^T'|g^?l< J:9i::7*o- K 
lifeBSI2©SiJCD-fe'J'^A-eftri$ny::'< -y h »J A • 7;i' ^ -"^^ A • 
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k\(OQz^<DW.mU n^Wt^^il^&^n^LXG z : A1=1 : 
l*^t>4 : 6*-<ffSH^o Inl^jr. YO-SB^GdROVXISLaT'ggl 
•r^Z.t\U Y : G d&OVXllL a = 9 : lii^^l : 9Ti>*). .kfjff 
li^ Y : GdRC>*/XliL a = 4 : l*^t>2 : 3T'*-So g^*<2 

ZO^Otiy it V)\yl^>'^y7.^itmU Y. Gd. C e. La. A 1 s 

Gds Ce. La> S m©?&±!®7c5^^it:#Slili:T'SEIc^JS 

A, m^tii')'^i^t^m^Lxw,^m.Pt^n^o :itnzy'y y ^xtbx 

5 0-1 4 5 0"C©aep|gfflT2~5l^FBmfi)cLTj^g£D°o^?ix e!«:fc:g|fi5t 

s*7k't'T'^c-;uuuuT> ^m. ^m. m'^izB^m-rz.txm 
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(Ct^S-C^D,"^) -C*)5|g!6® A«^.. B.^, C,«^RU^D.^T 

m (YAGi^) ^5t(*ii. ^'-^^-y hi«ii^wt-^©-c% mmmm2o^ 
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^3tS7 0 4SO*tlJSLv/- H 7 0 6^:f^UTSt«i^wUTi±l;^•r 
§o 

S$n/::l^*#?7 0 2lix 7 i7 'J ;Utt03S[^tg 7 0 4 ©-:^oJSS{wa^ 
fetJ[SL5liJA'«^W$tl/:>'^;l/A<7JOKI*W7 0 7 ;6^JBfiSc$n^o 

Mir. 7 0 4 ©ffe:^©is® (SBftij) ±m'Si.v^'pn^M=?-i)< 

Bei$tiTC>4n>tife:^©Jig®±JrfeSMW7 0 5^ISi:f%7tM^ia]± 
$-^S<k-?C«lfi)cf cnHc}:!?> |fij;tli> L CD©/<7 ^^-f hffl«h 
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S o 

S7 0 4(cJ;-pT®4^Cb/c^s ^«7 0 40-:;^©i^®J::J^^^*i 
-ct)«tt^o $t,{r{i> ^^«7 0 4±Jr-7;*- h;u^^.-byx^^(*^^tr 

tl^&e 0 3ROTlSftiJS3I^S:6 0 4^^x.7tlg»lHlBS6 1 0 tiJ^^fl^o 
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z.zx\ LED^^vSsG 0 Hi. Ell ll^yr^t^oiz. El 1 Xliia2 

|gift[HlES6 1 on. Ml Ol^mtJ^oK^ At}^n?>^7f^-f-^^—V^ 
W{^ieit-rSii^x-^i51t^^ (RAM) 6 0 3<1:> RAM6 0 3*^b 

$|]®^S6 0 4 P&IS$l]^^¥^^ 6 0 4*>t»ltS:tf$n5{i-t{cJ:oT7.'i' «y 
^y^'^nx. ^TfeiJ''^^- K^.OT^it'S K-5'i'^<-6 0 2 ch^t^-So 
ji|^$iJ(ai[HlgS6 0 4{i. RAM6 0 3 {CfEit^n^x-^^^XOlii LTL 

$-a-^'i^^^*^fe5^i6. ^^^^^■<:t- Ycom^^m. umw^m^^ 

*il^BJ©^^^fiJ-*J^^'t(i. LED^^^eOl*^ RGB©3a^ 
tmit^'^^- K5 0 l^ffltNTrnfiSt^tl-Cl^-SC-C^ |g«ilHl^*<R G B 
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^l^tfe<i:-rSLED^^^^«lE)t-r^C,i:*^T'$So LTs C©LE 

f (RAM) t. RAM{Cie!t$n/cx-:5'{CS 
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^^^y-f^- K^tUTfii^o ^^iZ-f^i— Ki$^2om±ffll>'?rn'&' 

LT. ES^n-s^^^*^^- K©tS[^^7t^'^^- mcon^m^M^ 
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<mMm> 

4 5 0 nm. ^{i«i3 0 nin©^^fl?^ffl<'^/c<?'J-C^»^o nmmio>% 
X. TMI ( h y y^^W'T VC^'i^-i^) m^iSXBi,x:f-Y-^<>Vif7. 

-7*1 nG aN*^e>n»:5S141*<J&^$nTt^^o ■t^•7 T'rTS^± 
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lil±©J:9{lL'Tf^SSiL/^c (Yo.sGdo a) 3A 1 50,2 : C e^^^^S 

fz'^. izovou^ximmxmit^'^f^o z Lxm^mi-±\^m^ 
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m%&^m.^mmbtzm^. -€-n^'n> fes.'^iis (x = o. 302. y 

= 0. 2 8 0) > M^8 0 8 0K. (Ra)=8 7. 5 «!:=: 

nmn^-Cilo-otZo $e>{3. ^Jt2 5t6 OmAiimx ^m25V20m 

Amm. -ume o°c9 o%rhtt'.2 omAsm®#*^l^®t^w*Jl^Tfe 

(iktS^l^jl) 

7* h;l/i;f-tr>7;m^<*^ (Yo.sG do.2) 3A 1 50,2 : C eM^W 
(ZnC d) S : Cu> Al i U/ciii^li. 1 <i:|5i^lw LT^ 
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^tfft±iUniS*<llfe«-^feL'^-t®<i:^^^^^° zaS2 5°C2 OmAii 

as60"c90%RHTT20m AMmom^u!i^mw:'^mmm i © 

©I ncD#WS^IIi!ife^Jl®^*^^«^*5 ^*^'f'"^^<^'-'fc*^- ^^^^ 
cr)^^t'-i7^4 6 0 nmi: 7;*- $ >7.at^<*©G d 
S^II»J1 .kO feti^l^ (Yo.6Gdo.4) sA 1 50,2 : Ceti^fzKl^ 

375>y = 0. 370). •fefiK4 4 0 0K. (Ra) =8 

6. 0"eS)o/co 

Ell 8 A. El 8BROT1 8Ci:^*i-5-'ti. ^»J2©7:*- h^U^T^ 

^/c. z(o%mm2oHity-(^- k^i o oiif^iSL. 

(^^ISSim) ©TtK^l 0 0%<t Ufcli^. 1 0 00l^P^SJi^{^*Jt:^ 

/Co 

(IIWJ3) 

^»J3©^7t:J''^^- ^-''i- 7:*- h;l/i:^-ir>XM7fe^.i:UTY^ G 
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d. C eOl&±3i7D^{rSDX.Sm^^W$-li:/::^ (Yo.39Gdo.57 

c eo.03Smo.01) 3A 1 ,0i2^^i^^m^>^f^\cimi. mmmitmmiz 
imbfio :i(Dmmm3(D^^^^t-V'^ioomi^mb. i3 0t© 

■r^oi^m^<^->^i^^i^f^-^y ^ -y ^xs:K±{i. 1 6 X 1 6©^ h 

0 5 *^-^*T'JBfi^$ n/cg^;^ 5 0 4 rtSPCEfi^nx ^^V^^- FO^t 
gs<!:Piis$iJtSlHlii§©tts:^jit-^T'7.>r y=}-yir^tixmit^^:t- K^j^fl" 

(Yo.aGdo.s) 3AI5O12: C eX0.^ni>nytW^]^i''^fzW.^\U n 

mmi tmwzbxf$mvtzo z.0nmm5(on^^^^- f^i o o^a 
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-t©igS. feS.-^ (^l^fit) «(x = 0. 4 5 0. y = 0. 4 2 0) T 
Ell 9 A> Ell 9 B'Bi.Zf^l 9 CK^M'ti^ HWJ 5 O 7 ;j- h;Ui^> 

UTf'PSUU/Co C©^WJ6 0i%^^''<:^- 1 0 O^fPMUTm^^t 
1112 0A> E12 0BRl>'E12 0C{i'eti^'n. ^»j6©7^ Vii^l^- 

Y3 (Alo.sGao.s) 5O12: CeTS^n^^^^^ffli'^^m^li^ ^ 
WJ 1 tingle UTf^Si U/io C 7 ©I^Tfe^-f ^- 1 0 0 <i 
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EI2 1 As 1212 1 B&D^EI2 1 Clz^M'ti. M^mi oy ^ VJUi^ 
(USte^J 8 ) 

^Gd3 (A 1 o.sGao.s) 50,2 : C e -eS^tL^ Y^^^^^l^^pfe^*^ 
(lllife«?iJ9) 

l^^^^t'-^'dM 5 0 nm© I no osG a o.95N^^{*^ 

^Ui^A) TMI ( h 'J>^>'U'1' >i^^'t'^) E^^'X&O^ 

h>!7';;^^ + i' 'J 7#;^<!:ACiJ{EL. MOC VD^Tgjb:^U '^A 
# V ^ i^ii^mw t p s»mi4^w-r 5M^b^ 'J -j^ a¥3?(**j^^ l p 
^L.i^m^x^?>i^y ps^mtt^w-rss^kJ^''; t'AT^w^- 
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^m'ik4 0 0'CKi±©SSTT-->'W$tlTl^-5o 

h • U - KS^l>'^ * 'J - Ft. ^^-n-rtlES*^ 3 0 M 

mimi. ^^Km^t lt^^ '^^^^t ^ u ;v5^^<^ 

flY. Gd. Ce. LaO?&±IIS5nfg^^l:^filiit-Cleiw^ft?l>^?§<^^ 
^Xi: tT7 .y'fkT>^-'i''^^^S^l^'^*^*i^'-^*- 4 0 0** 
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E(±£DJ:9lCbTf^aa$nfcs -IIS^Ys (a l o.6Gao.4) sOu : C 
xr^m^tltz^ — JS5!C (Yo.4Gdo.6) 3A 1 50,2 : C eT^^tlSfS^fe 

%myt'sifiikti^2(oik^wi 0 omm^t^. ^jj^+v/^iigi 0 osa 

feg,^,lis (x = 0. 29.y = 0. 3 4 ) 0 . ^afefetglJi (R a ) 
li. 9 2. 0 (^:=ig^gl^m^^THi£^^fetl^^^b:to ^/c.^^^^lll 
2 1 m/wi:afemi*3feT'*o^o $ bJiW^ai^i: bT^S6 0mA 
mm. Mza2 OinAji«x 6 0°C 9 0%RHTT2 0 mAiim©^a^{w 

nmm^O—^^Yz (A l o.eC ao.4) sOia : C eT'g^tL^^fel^ 
1 SD^-IKS: (Yo.4Gdo.6) sAlsOiz: C 

e T'g $ n <5 Ritincm 2 t> 4- S ^ h ^ ^ -fe > 

>D^t (S INLOIHI) ^b^SSFA-OO 1) t^^m^^^^mU 
(•>>a'f tjt^iaFA - 0 0 5) <i:^fflt>T|qlfi:-CS^aisiiLfcJei^1-«s 

^jfe^j 9 tmmiz Lx^ity-^^- lt^ji^ij 9 tnnmm^ 

34. y = 0. Zb) xh-yf^oMmim^tLX. ij—^^yT-Pxm 
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CeT"^$tlS^^fem*^^^■^t&^^mlCDm^^*^-«S5*: CY0.2G 
do.8) sAl 50,2: CeX'^$*l55^fe^*^^^^ft^^-f^2 0m^^<i: 

bx. mp. ^n. ikmzm^M\.x-^^co^^(D^itm2(D^ 
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I/- A ^4¥A LS^tt^'f" i/^M^MA^. 1 5 0 1 5 maV^xmit $ 

mfefetilJJ^jft'J^L.^-^^- fe^^'*- (x = 0. 32. y = 0. 34) 
X'$)^^ iSfettl&li (R a) =8 9. Ox %^^^mtl 0 1 m/w-e*o 
/;:o $ ^.{cW^SS^i UTSiSe OmAam. ga2 0inA3im. 6 0t 
9 0%RHT-C2 OmAiimo§^®^{CfcV>T^7 h;l/ ^ T^-fe 

immm 1 1 ) 

LED3fJ?i:UT^3fee-:5'*M 7 Onm© I n«.4G a o.jN^^{*^ 
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ei±© J; 9 ^J^fiS L.^^^ ^ ^ ^ ^ P N^^^<*^® ^ 
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(Yo.4Gdo.6) sA 1 50,2 : C e r'S$*iitgi&^SiSfi#]Ollfel^*-«^ 
^7fe^*lix ^tl'5■'n^^''^n^Y^ Gd. C e ©?fir±ll5n^^'fl:^SIIitT'K 

i7 7,tLxy yitry^^^^J^^m-^Lxi^miz^i^. mm^^iA o ov 

;uu-c. 9tn.. ^iSx :Si^{::ip^iibTJ^fi5cU^o 
^6^S}feg#J©mfem^^^* 1 0 OSSSUi^. T^:' yyuitflil O O O* 

IC-W»T U^7feS±I^Eg-r ^ C t IC J: 0 ^^^M^f^Si! b Aio C O J: 9 C 

(x = 0. 33.y = 0. 3 4) MfetemiS (Ra) =8 8. 0 

1112 2 A. E12 2BROf02 2CCIi'?-n-€^n. IIJ6i?iJ 1 HC^^ffl b/c. 
^ (Yo.8Gdo.2) sA 1 5O12 : C eT'^^nS^^{*. ^ (Yo.4Gdo 
.6) 3AI5O12: C eX%tM'^%^'dLX:^^%m'^<D^^%7.^^ 
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6 0^9 0%RHT-C2 OmAjlS©^IS®llc4ol,>Tt>m^l*{=SH-rS 
^Ysl n50i2 : C et^^^tlSA 1 ^^tm^^itW^m^^tzmH. 

mmm itmm\:: \^x%ity^ ^- i o o mn^^ u/co 9 ®^ 
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m ^ (D $a m 

UT. KJR U/c^CD-MiMnt ^Mfi^W-r ^^^^^^ 

h jU i ^-^z y X^itm<. Y. Lu. Sc. La. G d 35.0^8 m*>b/j:?> 
g^*^^>:ll^n^^i>^i:< t^)l'^©7c3fi<i:. AK GaR^'I n*^t.n^:^^ 

3. 15127:1- hJi^i^'izyT.Wi^ii^ii^. (Rei-rSmr) 3 (A 
1 :-,Ga.) 5O12 : CeT^$n5St^{*^#tr^^Illi5«©^^^ 
Mo 

4. mi^yt ^/^^T^■fe>7«S7ti**^. -f&^ (Y,-p-,-,GdpC e, 
Snir) 3 (A 1 ,-.G as)5 0,z-CS$ti^li5|t]C13ie«l©^7fe^®o 

^/iL> O^P^O. 8. 0. OOS^Q^O. 2. 0. OOOS^r 
^0. 0 8> O^s^l 



55 



wo 98/05078 



PCT/JP97/02610 



6. ^Mti—^SL^ (Re,-,S 
mr) 3 (Al.-.Ga.) .Oif. C eV^^tl. :§.l^\zm^(Om-^l^ 2W. 

fzfzb. 0^r<l^ O^s^l. Reli. Y. G d*^'^>SiR$nS^i> 

7. m^^y* h-'l/^^->-fe>^^^i*'*> -fSi^Ys (A 1 ,-.G a .) 5 
0,2 : C eT^$n5Bl©^3fe(*<!:. -IS^R esA 1 sO.a : C e^C^ 

/r/cL. 0^s^l> Reli. Y. Ga. L a 3&^big^R^n^^i?^j: < i 

9. miZ^±^^^^^^^^ h>'l'©if-^;&M0 0nm*N<^5 3 0 

^)^h.'7)Vx=-^I^' if-^-y V%n%mtis\,^X. A 1 £D-gB*<Ga 
irJioTG a : A 1 = 1 : l*^t> 4 : 6 ©laffll^Olt^tC:^* ^ J: "9 Cffi^ 
$n*>oYO-S|5*<Gd{rJ:-^TY : G d = 4 : l*-t»2 : 3©lGfflrt® 
ik^jc^i S «t 9 1::®^ ^ tiT I, ^ S c i: i f Sitsjcii 9 iS«ScD^3t^ 

So 



56 



wo 98/05078 



PCT/JP97/02610 



11. lt^IIlie«o^7t^l;Itel,^-c$ t.ji> ^o-mmi^mi^y * 

1 3. o©rt©i-:>{wie«feo^7t^g^-7 h u y^7.mz 

14. ijy^^tv-mt^^-r^^^>h • ';-K<t. 

Htiie L E D ^ «y ':r(D^^mii^mitmmt^<i^^m{^x& 19 . *>oBiii2 =1 
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y^^itWt^Y^ Lu^ Sc. La> G dRV^Smt^^^flZUii^i^Mli^tlfz 

*^^>/j:57:^• h;i/^ 4^ y vx3t^<**^t?:: «i:*#m<b•rs^^y'l':^• 
- Ko 

1 6. 15127* h;l/i 4-^ •y-by;^^5t(**^. — IS^ (Re,-,Sm,) 3 
(Al,-.Ga.) 50,2: CeTg$n53t^i**#t?ll^^l 4IS«0 

e,Sm.) 3 (A 1 i-.Gas)50,2-t'^$tLSIi3^ill 4ISm©^^iJ'''f 
Ko 

fztiX.. O^P^O. 8. 0. 0 0 3^q^0. 2> 0. OOOS^r 
^0. 08. O^s^l 

1 8. m^y* h;V=4^-ytr>X^^{*{i. ^tL-^r'tlY <h A 1 

19. tijS57* h/^^*'yfe>;^it5t<*(i> -^rtL-^-'tL-ttiJ: (R e i-, 
Sm,) 3 (Ali-.Ga.) 5O12: CeT'^^n. Sl^lCSifi!c©mncS 2 
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2 0. l«j§S:7:i- —Ik^Yz (A 1 ,-.G a.) 

5O12 : C eV^-^tlZmKO^^Wt. -m^ResA 1 sOi2 : C e T' 

1^ A {r ^ 1 ^ m 2 t t) s 1 i 

2 2. BiilSLED^«y:/©fl^X'^^ h;l/©i:f-:J'*<4 0 0 nm*^t» 

«ft*^HliIBL E D 5^ «y :^©ib°- ^ J; 0 fit^li^ll 1 4 lemo^Tt^V 
Ko 

2 3. «5IH^3fe«?-©^^:^'<^ h;l/Oif-^'^4 0 0 nm*^^>5 3 
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